Abstract. In this study the subtype of eae gene was determined by polymerase chain reaction for a total of 59 attaching and effacing Escherichia coli isolated from preweaned (38 isolates) and postweaned (21 isolates) pigs. The eae ␤ gene detected in 19 E. coli from preweaned pigs and 10 E. coli from postweaned pigs was found to be the most common subtype, followed by eae ␥ , eae ⑀ , and eae genes. Subtypes were not determined for 7 E. coli isolates. No other subtype of the eae gene was detected in eae ϩ E. coli evaluated in this study.
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Escherichia coli causing attaching and effacing (A/E) lesions has been termed attaching and effacing E. coli. (AEEC). Attaching and effacing E. coli, which causes disease and does not produce enterotoxin or Shiga toxin is referred to as enteropathogenic E. coli (EPEC). Some AEEC strains that cause disease and produce Shiga toxin are referred to as enterohemorrhagic E. coli (EHEC). 15 Therefore, EPEC and EHEC are often regrouped under the name of AEEC on the basis of a common A/E lesion.
Attaching and effacing E. coli is a cause of diarrhea in several animal species including pigs, cows, sheep, goats, dogs, and cats. 8, 14 The prevalence of AEEC in diarrheic pigs has been reported to be 4% in the Republic of Korea and in United States. 11, 13 Thus, the prevalence of AEEC is estimated to be lower than the prevalence of enterotoxigenic E. coli in these countries. 12, 13 Attaching and effacing is the term used to describe an intestinal lesion produced by these E. coli. This A/E lesion is characterized by the destruction of brush-border microvilli and the intimate adherence of bacteria to cup-like pedestrals formed by the bare enterocyte cell membrane. 14 A chromosomal gene, eae, encodes the protein intimin, which, when present, contributes to the development of A/E lesions. 9, 10, 19 The eae gene shows high conservation in the N-terminal region and variability in the last 280 amino acids in the Cterminal region, where binding to the enterocytes. 6 On the basis of the deduced amino acid sequence and polymerase chain reaction (PCR) analysis, at least 9 subtypes of eae genes have been identified: ␣, ␤, ␥, ⑀, , , , , and . [1] [2] [3] 16, 18 The purpose of this study was to use PCR to determine the subtypes of eae genes present in AEEC isolated from diarrheic pigs.
A total of 59 AEEC isolated from preweaned (38 isolates) and postweaned (21 isolates) pigs were analyzed in this study. Amongst the 59 AEEC strains, 30 E. coli isolates Zhang et al. 18 Zhang et al. 18 Zhang et al. 18 Table 2 . Genotypic prevalence of eae gene subtypes from attaching and effacing Escherichia coli isolated from pigs with diarrhea. were identified as AEEC in a previous study. 11 Another set of 29 E. coli isolates were identified as AEEC from 314 E. coli isolated from 354 diarrheic piglets younger than 14 days and from 257 E. coli isolated from 273 diarrheic postweaning pigs older than 21 days submitted from across Korea to the Department of Veterinary Pathology of the Seoul National University between 1996 and 2002. Pigs were submitted alive or dead, and immediately upon receipt, specimens of ileal content were collected for bacteriological culture on 5% sheep blood agar and Tergitol-7 agar. a Colonial characteristics of isolates were noted, including hemolysis on blood agar and texture (smooth, rough, mucoid) on Tergitol-7 agar. Infections were considered potentially dual or multiple when colonies with different hemolytic patterns or colony morphology were observed. For each culture, all isolates with different phenotypes were selected for PCR analysis. No different eae ϩ E. coli phenotypes were detected in the same pig. The PCR for eae gene subtype was carried out as described previously (Table 1) . 3, 18 The PCR reactions were performed in triplicate. Control DNA from reference strains was included in each reaction. Primer pair for each eae subtype yields PCR products of the expected size for control strains and field isolates. One isolate per pig was analyzed for the detection of the eae subtype gene by PCR. In 38 eae ϩ E. coli isolated from preweaned pigs, 19 E. coli carried the gene for eae ␤ , 12 carried the gene for eae ␥ , and 4 carried the gene for eae ⑀ . Four E. coli isolates were not determined in their subtypes. No other subtype of the eae gene was detected in eae ϩ E. coli isolated from preweaned pigs in this study (Table 2) .
In 21 eae ϩ E. coli isolated from postweaned pigs, 10 E. coli carried the gene for eae ␤ , 5 carried the gene for eae ␥ , 2 carried the gene for eae ⑀ , and 1 carried the gene for eae . Three E. coli isolates were not determined in their subtypes.
No other subtype of the eae gene was detected in eae ϩ E. coli isolated from postweaned pigs in this study (Table 2) .
Four subtypes, including eae ␤ , eae ␥ , eae ⑀ , and eae genes, were identified by PCR analysis of the porcine AEEC strains analyzed in this study. The prevalence of eae subtypes in E. coli from preweaned pigs was similar to that from postweaned pigs. Seven E. coli isolates were nontypable because these isolates were not reacted with primers used in this study. These results indicated that some of the porcine eae ϩ E. coli may exist as another unique subtype or have different sequences in their subtype.
Most of the porcine AEEC strains had the eae ␤ gene. This subtype is reported to be the most widespread eae subtype amongst human, rabbit, and ruminant (cattle, goats, and sheep) AEEC strains. [1] [2] [3] 5, 16 The eae ␤ subtype is most frequently associated with diarrheic calves. 4 The other eae subtypes detected in 7 of the porcine AEEC strains studied was classified as the eae ␥ subtype. The eae ␥ subtype appears to be the most ubiquitous type in AEEC isolated from dogs and cats. 7 The distribution of eae subtypes amongst AEEC strains isolated from different hosts (humans, cattle, pigs, rabbits, sheep, goats, dogs, and birds) suggests that the host or the tissue tropism (or both) of the different AEEC strains may be influenced by the subtype of eae they express. In the pig model, an EPEC strain producing eae ␣ subtype caused A/E lesions in both small and large intestine, whereas an EHEC strain producing eae ␥ subtype caused A/E lesions only in the large intestine. 17 The PCR method used in this study was capable of differentiating within the eae gene subtypes. By studying a large collection of AEEC, it has been found that the eae ␤ subtype appears to be the most ubiquitous type in AEEC isolated from pigs. The high immunogenicity of intimin in infected hosts provides a rational basis to support the concept of engineering an intimin molecule as a basis for porcine AEEC vaccine. 1 Results of this study suggest the use of vaccines containing 4 subtypes for full protection against diarrhea with AEEC infection in pigs.
